PATIENTS with Wolff-Parkinson-White syndrome (WPW) may have two types of arrhythmias: a reciprocating tachycardia, in which the accessory pathway provides the retrograde limb of the reentrant circuit, and atrial flutter-fibrillation (AF), in which the accessory pathway provides the route whereby a rapid ventricular response may be mediated. Antiarrhythmic therapy in this syndrome may theoretically be directed separately at these two arrhythmias, but in practice, many patients with reciprocating tachycardia also develop AF. Treatment can be directed toward initiating events (i.e., abolishing ectopic beats that induce reciprocating tachycardia or AF) or toward the mechanism whereby sustained arrhythmias occur (i.e., the prolongation of refractoriness in some portion of the reentrant loop so as to prevent circus movement in the case of reciprocating tachycardia or the prolongation of refractoriness in the accessory pathway to slow the ventricular response during AF).
Often, antegrade and retrograde refractoriness of an accessory pathway are difficult to assess because of encroachment on the atrial and ventricular refractory periods. However, several authors have reported a nearly direct relationship between refractoriness and the shortest cycle length during AF. [1] [2] [3] [4] [5] [6] Consequently, the mean and shortest RR intervals during AF present an easily interpreted measurement of drug response. Disopyramide phosphate has proved beneficial in the treatment of atrial and ventricular arrhythmias. Its electrophysiologic effects on conduction and refractoriness have been well defined in atrial and ventricular muscle and in the atrioventricular node.6'15 Its effects on sinus node function have also been described.', 16 16 The purpose of this study was to define the electrophysiologic effects of disopyramide in patients-with WPW. No antiarrhythmic agent can suppress all ectopic beats. Since the arrhythmias in WPW are frequently life-threatening, the continued occurrence of ectopic beats was anticipated, and the study was designed to emphasize the effects of disopyramide on the elements of the reentry circuit in the case of reciprocating tachycardia, and on the capacity of the accessory pathway to conduct antegrade in the case of AF.
Methods Patient Population
Twelve patients (10 male and two female), mean age 24 years (range 14-54 years), underwent electrophysiologic investigation. All gave informed, written consent. The patients were selected on the basis of having experienced recurrent, uncontrolled reciprocating tachycardias or AF with a rapid ventricular response. Eight patients presented with a history of AF alone, three with reciprocating tachycardia alone, and one patient with both AF and reciprocating tachycardia. One had experienced ventricular fibrillation secondary to this fast ventricular response. All studies were performed in the postabsorptive, nonsedated state at least 48 hours after discontinuing all antiarrhythmic therapy.
Protocol
The right atrium, coronary sinus and right ventricle were rapidly paced beginning at cycle lengths of 500-600 msec with progressive shortening until atrioventricular or ventriculoatrial dissociation occurred. Antegrade and retrograde refractory periods of the normal and accessory pathways were measured by programmed stimulation from the same three sites. These methods have been described in detail. ' 19-24 Reciprocating tachycardia was induced by bursts of rapid pacing or by premature stimulation from the atria or ventricle; frequently, it arose spontaneously or during refractory period determination. During reciprocating tachycardia the site of the accessory pathway was determined by atrial mapping, as previously described, and the cycle length, retrograde conduction times, and antegrade conduction times were measured. The retrograde conduction time was recorded as the earliest ventricular activation to both His bundle atrial electrogram (VAHBE) and earliest atrial electrogram (VAearly A). The antegrade conduction times were recorded as conventional AH and HV intervals.
AF was then induced by bursts of atrial pacing at cycle lengths of 60-200 msec. During AF, the shortest and mean RR intervals were recorded, noting whether ventricular activation occurred over the normal or an accessory pathway. The mean RR interval was calculated as the mean RR interval that occurred over at least 15 seconds.
After the control measurements were taken, disopyramide was administered intravenously. Five patients received a bolus dose of 2.0 mg/kg, followed 30 minutes later by a repeat bolus dose of 2.0 mg/kg. In seven patients, an infusion of disopyramide phosphate was started at 1.0 mg/kg/hour and was accompanied by a bolus dose of 0.5 mg/kg over 5 minutes. After a 5-minute observation period, a repeat dose of 0.5 mg/kg was given over 5 minutes. This was repeated to a total of four such bolus doses. The infusion at 1.0 mg/kg/hour was continued throughout the duration of the study. In both regimens, the electrophysiologic testing during reciprocating tachycardia and during AF was repeated 10-30 minutes after the final bolus dose. The repeat study could not be performed at a precise time after the last bolus because of the variability in the induction of arrhythmias and the positioning of catheters. Blood pressure was closely monitored during drug administration. Blood was then drawn immediately after electrophysiologic testing to determine serum concentration (determined by Searle Laboratories).
After the initial study, all patients were started on oral disopyramide in doses of 150-200 mg every 6 hours. The oral dose was increased to 200-300 mg every 6 hours. After 2-5 days on this regimen, the patient was returned to the electrophysiology laboratory and either all catheters were reinserted or only the coronary sinus catheter, which had been left in place, was connected to the stimulator and the studies were repeated. Studies were performed 2-3 hours after an oral dose of the drug. Serum levels were determined before and after the final study.
Statistical Methods
The control values were compared independently to measurements made after the final i.v. bolus and after the final oral dose of disopyramide. Comparisons were made in each case using the paired t test. In some cases, not all measurements could be taken because of technical problems or because only one catheter was used. In these cases, comparisons were performed only on data points for which paired data were available.
Results
All patients completed the three electrophysiologic investigations. No significant acute side effects were noted with i.v. disopyramide. Patients 1 and 2 had mild, transient hypotension after the bolus doses, but both remained asymptomatic. whereas the oral preparation prolonged the functional refractory period of the ventricle (p < 0.005), but not the effective refractory period.
We examined the effects of disopyramide on the shortest and mean RR intervals during AF and the shortest atrial pacing cycle length at which 1:1 atrioventricular conduction occurred over the accessory pathway. These were both used as reflections of refractoriness in the accessory pathway. The shortest RR interval during AF ( fig. 3A) to 350 ± 103 msec (p < 0.005) with oral disopyramide. These highly significant prolongations of ventricular response during AF indicate a significant prolongation of refractoriness induced by disopyramide. Figure 4 shows ECG tracings of patient 7 during AF before treatment ( fig. 4A ), after treatment with quinidine sulfate (fig. 4B) , and after treatment with oral disopyramide (fig. 4C) . Quinidine with therapeutic blood levels did not reduce the ventricular response, whereas disopyramide in a dose of 300 mg every 6 hours markedly reduced the ventricular rate.
The shortest atrial cycle length at which 1:1 antegrade conduction occurred over the accessory pathway was frequently difficult to assess because of failure of atrial capture during atrial stimulation.* Consequently, numerical mean values could not be assigned to these values. However, with i.v. disopyramide, the shortest cycle length with 1:1 conduction over the accessory pathway definitely prolonged in four patients", 10, 11, 21 and with oral disopyramide it prolonged in seven of nine patients in whom it could be assessed.1 ' 6, 9-12 Often, antegrade or retrograde refractoriness in the accessory pathway could not be measured because atrial or ventricular refractoriness was longer than accessory pathway refractoriness.* Intravenous disopyramide definitely prolonged antegrade refractoriness in patients 9 and 12, but could not be assessed in the others. Oral disopyramide prolonged antegrade refractoriness in patients 1, 10 and 12 and retrograde refractoriness in patients 1, 2, 5, 7 and 12.
Therefore, indirect assessment of refractoriness by observing the ventricular response during AF and by direct observation in several individual patients suggested that disopyramide prolongs refractoriness in the accessory pathway.
As well as decreasing the ventricular rate during AF, disopyramide made the induction of fibrillation more difficult and reduced the duration of the fibrillation. Although precise quantification of the difficulty in inducing AF was not performed, induction of AF after disopyramide required shorter pacing cycle lengths, longer duration of pacing bursts, and more pacing bursts. Three patients required DC cardioversion during the control study, but after disopyramide all episodes of AF reverted spontaneously to sinus rhythm. Although disopyramide reduced the severity and duration of AF and prolonged the cycle length of reciprocating tachycardia, it did not reduce the frequency or ease of induction of reciprocating tachycardia. In patient 5, reciprocating tachycardia could not be induced in the control state, but could be repeatedly induced with disopyramide.
The serum levels of disopyramide are listed in 1. Most patients attained a higher blood level after chronic oral therapy than after the i.v. regimen. The mean level of 4.8 ± 0.9 A.tg/ml after oral medication was significantly greater than the mean level of 3.6 ± 0.7 ,g/ml after i.v. disopyramide (p < 0.005). However, although the increase in cycle length and ventriculoatrial intervals during reciprocating tachycardia and the prolongation of shortest and mean RR intervals during AF appeared greater after oral than after i.v. disopyramide, there were no statistically significant differences between the electrophysiologic effects using these two regimens. Furthermore, we correlated the electrophysiologic response to the measured blood levels of the drug by a regression analysis and found that there was no apparent relationship between drug levels and change in cycle length, ven months. All five of these patients had originally presented with AF. One patient has had mild constipation. All five have been well controlled on doses of 1000-1200 mg/day, with no episodes of rapid AF and no episodes of reciprocating tachycardia.
Discussion
The electrophysiologic effects of disopyramide phosphate have been studied in sinus node, atrioventricular node and atrial and ventricular muscle.6"18 The effects of the drug reflect a balance between the direct prolongation of refractoriness and the anticholinergic effect of the drug.25 27 In clinical studies, disopyramide has been shown to be effective in reducing both premature 5, MAY 1982 in the prolongation of the cycle length of the tachycardia with the oral drug. Second, it prolongs refractoriness in the antegrade direction, as evidenced by the prolongation of the shortest and mean RR intervals during AF, by the prolongation of the shortest atrial cycle length with 1:1 conduction over the pathway, and by the prolongation of directly measured refractoriness in patients in whom it could be assessed.
These electrophysiologic effects may have variable efficacy in controlling reentrant arrhythmias in patients with WPW. If conduction velocity in the reentry circuit is slowed more than the refractoriness of the accessory pathway in the retrograde direction is prolonged, the window during which premature com- plexes can enter the circuit and initiate a tachycardia may be prolonged, resulting in easier induction of the reentrant tachycardia. This explains why reciprocating tachycardia was induced after disopyramide in patient 5, whereas it could not be induced in the control state. Disopyramide may have variable effects on other parts of the reentrant circuit, as seen in the variable AH intervals. Spurrell et al.8 reported variable effects on the AH interval with disopyramide, possibly because of the anticholinergic effect of the drug. Consequently, the effect on the reciprocating tachycardia may be variable.
Reentrant arrhythmias may also be controlled by abolition of premature atrial and ventricular complexes that may initiate the tachycardia. Disopyramide reduces ectopic complexes from both of these sites. Therefore, in certain circumstances, one might expect disopyramide to reduce the frequency of episodes of reciprocating tachycardia. Because of the variability of the effect of disopyramide on the elements of the reentrant circuit and on the initiating events of reciprocating tachycardia, the efficacy of the drug cannot be predicted in patients with WPW. Therefore, disopyramide, like other type I drugs,5' 40-45 may increase, decrease or have no effect on the frequency of reciprocating tachycardia.
The prolongation of antegrade refractoriness of the accessory pathway produces very significant beneficial effects in patients with atrial fibrillation. The prolongation of refractoriness produces a reduction in the ventricular response during atrial fibrillation, and therefore, will help to reduce the risk of hemodynamic impairment and ventricular arrhythmias. This response was seen consistently in all patients who demonstrated antegrade conduction over their accessory pathways. As well as reducing the severity of the episodes of AF, disopyramide frequently curtailed the duration of the arrhythmia. The prevention of induction of the arrhythmia is another means by which a drug may be beneficial in patients with AF and WPW. Disopyramide has been shown to be beneficial in preventing atrial arrhythmias.8 26 rapid ventricular response to AF). Our study suggests that disopyramide differs from other type I drugs in this respect. We had eight patients in whom the shortest RR interval was initially less than 200 msec, and disopyramide produced a marked prolongation of this value in all eight. Furthermore, some patients who did not respond to other drugs responded to disopyramide ( fig. 4) . Thus, failure of one type I drug should not preclude a trial of another agent. There appeared to be no statistically significant correlation between serum drug levels and electrophysiologic response. This may be explained in part by variation in individual sensitivity to drugs and by the variable direct and parasympatholytic effects of the drug. Chronic therapy may result in the appearance of electrophysiologically active drug metabolites and in a different tissue distribution of the drug, neither of which is accounted for by a comparison of electrophysiologic effect and measured serum drug level.
The negative inotropic effect of disopyramide has been shown to cause hemodynamic impairment in patients with diminished left ventricular function." Although most patients with WPW are young and have normal ventricular function, disopyramide should be used with caution in any patient with possible myocardial dysfunction.
From this study, we conclude that disopyramide has a beneficial effect in patients with WPW. The primary importance of this drug is in the control of AF, where it prolongs refractoriness in the accessory pathway and slows the ventricular response. It may have an added beneficial effect of preventing the induction of AF. Consequently, disopyramide is apparently effective in patients with WPW in whom a history of AF with a rapid ventricular rate is elicited. It provides an alternative to quinidine and procainamide in these cases. However, because of the variable effects of these agents and the risk of development of more severe arrhythmias, these patients should have AF induced electively while taking these medications.
